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SECTION I 


INTRODUCTION 


To enjoy sustained development, a nation must find sources of energy 
that are dependable, renewable, and feasible. Solar energy, including all 
solar-driven renewable sources, is politically attractive and economically 
feasible under certain conditions. Solar energy is feasible because once 
it is installed, balance of payments deficits for energy are reduced and 
because a great portion of the solar energy industry may be available 
within a country's existing agricultural and industrial infrastructure. 
Solar energy system components are typically not high technology and could 
apply the comparative advantages enjoyed by many nations in small manufac- 
tures, agriculture, and labor. 

Photovoltaics (PV) is an emerging solar technology that has shown its 
cost effectiveness in the United States and elsewhere in increasing num- 
bers of applications. Flat plate photovoltaic energy conversion systems 
have the capability of providing electrical energy in remote locations or 
in any location where solar cells can be arrayed to collect solar energy. 
The PV electric generator has no moving parts, has few parts that require 
servicing and is composed of components which, with the exception of the 
solar cells themselves, are recognizee, well-known, relatively low- 
technology industrial products. The system can be prefabricated to permit 
installation by individuals with little formal training in electricity or 
electronics. Typically, the appliances or devices powered by the photo- 
voltaic system are likely to be more complex, requiring more maintenance, 
than the electricity supply itself. 




Photovoltaic energy conversion systems comprise solar cells and other 
components that support those cells in providing usable electricity. 
Those supporting components are refered to as the balance of the system 
(BOS). The BOS is subdivided into five categories: array and structure, 
electrical, storage, installation and checkout, and other. The major part 
of costs in stand-alone PV installations is in BOS components. As the U. 
S. Department of Energy realizes its goal to reduce the cost of PV modules 
by 1986, those BOS costs will be even more significant. 

This study addresses the use of photovoltaic technology in countries 
that do not presently have high technology industrial capacity. The pro- 
ject determines the relative cost of integrating indigenous labor (and 
manufacturing where available) into the BOS industry of seven countries: 
Egypt, Haiti, the Ivory Coast, Kenya, Mexico, Nepal, and the Phillipines. 
Some of the results may be generalized to other countries, at most levels 
of development. 

Following this introduction, Section II presents conclusions and re- 
commendations. Section III describes the methodology used in carrying out 
the research project. Included in that section are discussions of the 
research design and the tools used, including data collection and computa- 
tional assumptions. Section IV deals with the results of the study. In 
synopsis form, the collected data and the system costs for all seven 
countries are given. For comparison, the analogous data and calculations 
are made for the United States and presented in the synopsis. Appendix A 
provides the data collected and the system costs in detail, presented in 
tabular form for each country. Appendix B provides a reproduction of the 
questionnaires used to collect data, and the names of individuals who 
supplied information for the study. Appendix C presents the full Fortran 
coding of the calculation program. 
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The relative costa of solar technologies depend on existing energy 
infrastructure, including national priorities and the supply and distri- 
bution system. In general, however, development at almost any level im- 
plies an increased demand for energy; traditional fuels are practically 
infeasible to apply in increasing proportion; thus, renewable fuels appear 
very attractive. Economic development progresses directly as energy 
availability. Energy drives industry, agriculture and investment in human 
capital as well. In addition, as energy demand increases, investment in 
energy industries is likely to increase, and economic development is 
stimulated. 

Much information used in this research was available at embassies of 
the seven countries in Washington, DC. The remainder was collected by mail 
as described in Section II, "Methodology." 
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SECTION II 


CONCLUSIONS AND RECOMMENDATIONS 


Conclusions 

The results of the study imply several conclusions: 

1. The cost of installing and maintaining comparable photovoltaic sys- 
tems in developing countries is less than that in the United States. 
Those countries with the lowest wage rates show the lowest system 
costs. 

2. Skills and some materials are available in the seven subject coun- 
tries that may be applied to constructing and maintaining PV systems. 

3. There is an interest in foreign countries in photovoltaics . There is 
not yet a strong bias against PV in favor of other solar technologies, 
but in some countries and some bureaucratic echelons there exists a 
misunderstanding of the technology and its attendant costs and 
benefits . 

4. Conversations with foreign nationals suggest that photovoltaics must 
be introduced in foreign markets as an appropriate technology with 
high technology components rather than as a high technology system. 

5. Socio-economic institutions, such as barter, significantly complicate 
the determination of feasibility. That is not to imply that they will 
hinder the introduction of photovoltaic technology. 

6. For those countries that supplied minimum-wage data, the labor is 
often not available at those rates, but at higher rates. 
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Recommendations 


Bated on Che experience of performing Chit study, chert are several 

implications for further research into this area. 

1. Life-cycle system costs for other alternative energy sources should 
be determined for the countries under study. At a minimum, electric 
rates are essential to make wise investment decisions concerning 
energy source infrastructure. 

2. Socio-cultural or economic behavioral considerations ought to be in- 
cluded in the specification of the system trade-offs. For example, 
there is a trade-off between maintenance- free components and man 
power. Such trade-offs are made differently within different socio 
economic contexts . 

3. Demonstration experiments should be initiated that would make maximum 
use of local labor and capital inputs, perhaps in one of the included 
countries, to install a photovoltaic system. For examples, contacts 
in the Philippines, have expressed a degree of local willingness to 
cooperate and even to contribute to such an experiment. 

4. Data must include unemployment within labor classification, minimum 
wages, and market wage rates. All data are necessary to determine 
realistic system costs. Workers are hired at prevailing market 
rates, not necessarily at minimum wage. It is recognized that many 
data are not available. 

5. Continually changing energy markets in the world economy require 
periodic evaluation of relative feasibility of energy alternatives. 

6. U.S. Department of Commerce generic Industry Profiles may be used to 
characterize potential BOS manufacturing. In order to make use of the 
profiles, the costs of all the inputs to each industry must be avail- 
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able so that a total coat nay ba calculated for the production process 
and an average unit cost derived. 

7. Relative prices among countries do not determine the feasibility of 
photovoltaics. The acceptance of the technology depends primarily on 
the relative prices of alternative energy sources within a national 
economy . 
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SECTION III 


METHODOLOGY 


The methodology addressee the problem of calculating system costs for 
a standardized photovoltaic system, using local inputs. The methodology 
has the following five aspects: 

1) definition of a standard photovoltaic system 

2) determination of the labor and materials input requirements per 
unit of each BOS component. 

3) collection of price data in the foreign markets for labor and 
materials that are available in the BOS areas 

4) construction of cost calculation assumptions and algorithms 

5) calculation of system cost based on the generic system configur- 
ation and collected data. 


Standard System 

There is no standard PV system, but for comparison purposes, a 1000 
peak watt system with the attendant BOS requirements was defined for this 
study. In addition, there is no functional relationship between the peak 
power of a system and the magnitude of the BOS components. A system would 
have components that fall into each of the five BOS categories mentioned in 
Section I. In specifying the system, a compromise was struck between a high 
enough level of detail to calculate a meaningful, comparative system cost, 
and low enough level to permit the collection of useful data. 

The configuration of the standard 1000 system was specified as 
follows: 


o 1000 W photovoltaic modules 



o 


2500 watt-hours of battery storage 
o 10 aquara atttri of ahaltar structure 
o 20 maters of fencing 
o 200 meters of wire 

o miscellaneous (constant) 

These figures are based on experience with existing systems; they are 
abstractions or simplifications, since there are neither load nor insola- 
tion paramaters specified. The miscellaneous input was included for ac- 
counting reasona. 

Input Requirementa 

Based on previous work, each BOS component was broken into the mater- 
ials and labor that compose it. This determination was done in the first 
days of the study, so that data could be collected in a timely fashion from 


foreign 

aources. The labor categories 

that 

were determined to contribute 

to BOS components either at the construction phase or in the manufacture of 

components, are: 



0 

Laborer 

0 

Machinist 

0 

Electrician 

0 

Welder 

o 

Carpenter 

0 

Mason 

0 

Pipe fitter /Plumber 

0 

Heavy Equipment Operator 

0 

Foreman 




The composition of the components were specified as shown in Table III— 1 - 
Most of the inputs were available in the economies of foreign countries. 
The collection of data was simplified by expressing the information sought 
in terms understandable to people that may have no exposure to solar energy 
systems . 
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TABLE III-l 




COMPOSITION OP COMPONENTS 

1. Array and Structura 

a. structural ataal 

b. fencing (wood, ataal, blocks, locks) 

c. construction naterials (wood and blocks) 

d. ventilation equipment (louvers, fan) 

a. labor 

2. Electrical 

a . wire 

b. voltage regulator 

c. inverter 

d. boxes 

e. insulation plastic 

f. labor 

3. Storage 

a. batteries 

b . labor 

4. Installation and Checkout 
a. labor 

5. Other 

a. labor 
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Thera hat baan no work reported to data in disaggregating labor and 
othar inputs in PV systems costa. Typical labor requirements for system 
construction vara subjactivaly synthasitad, basad rn previous experience 
and knowledge of the construction requirements for other systems. The 
labor input requirements assumed for system installation are presented in 
Table III-2. 

Operating and maintenance extends throught the system lifetime, but 
because of the peculiar nature of photovoltaic experience and the variety 
of economic contexts being studied, some simplifying assumptions were 
made. Checkout is considered as O&M during the first year, and is assumed 
to be the only significant such cost over the system life. In particular, 
O&M is expressed entirely as labor costs, outlined in Table III-3. First 
year requirements are given, the second year is assumed to be the year 
requiring minimum O&M. The minimum amount as well as the requirement 
during the last year of the life cycle are also given. 

Price Data 

Foreign wage and price data were collected by sending data worksheets 
to individuals identified as likely sources. The embassies of the coun- 
tries in question were visited for the suggestions of their staffs, and 
local contacts were approached directly. Many data were available from 
previous work done in the subject countries by Georgia Tech personnel, from 
United Nations documents, from the appropriate ministries of the national 
governments, from embassies, and from other contacts made previously, but 
some data were collected or clarified by telephone contacts. Very little 
information was collected from the initial mailing. Follow-up cables, 
telexes, telephone calls, end visits were required to assemble sufficient 
information to make meaningful system cost calculations. Some sources 
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TABLE III-2 

JVBOR INPUT REQUIREMENTS 
(In man-hours per unit) 
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TABLE 


III-3 


OPERATING AND MAINTENANCE REQUIREMENTS 
FOR STANDARD PV SYSTEM 


Labor Category 

Hours Required 
First Year 

Hours Required 
Second Year 

Hours Required 
Final Year 

Comnon Labor 

100 

80 

100 

Electrician 

80 

0 

10 

Carpenter 

40 

0 

5 

Foreman 

40 

1 

2 
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were hesitant to provide data, because of price uncertainty due to high 
rates of inflation. The ultimate sources of information are found in 
Appendix B. 

There are deficiencies in the data worksheets that did not show up 
until it was attempted to make use of the data. It is recommended that the 
following improvements be made in future data collection efforts of this 
type: 

o inquire concerning length of standard work week and work day. 

o inquire as to average worker productivity 

o specify type of wage: minimum, average, union/non-union/urban/ 
rural/etc. 

o include labor classification of foreman or supervisor 

o specify thoroughly the products (e.g. copper or aluminum wire, 

exact metric gauges, etc) 

o indicate what to enter in data sheet if question is not applic- 
able 

o choose units, items, etc. so that non-comparability is minimized 
Even when these suggestions are taken into account, the collected data may 
be inadequate to permit detailed cost calculations. 

Since some countries produced no goods in some industries, method- 
ology wcs developed to determine the likely cost of such commodities if the 
industries were to be established. The methodology is based on using the 
U.S. Department of Commerce generic Industry Profiles . Such profiles 
exist for several industries that make products that are included or pro- 
ducts that are similar to those in the balance of systems, such as plywood, 
creosoted wood products, concrete blocks, steel bars and shapes, flexible 
steel conduit, copper wire, chain link fencing, electric outlet switch and 
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fuse boxes, and automobile batteries. The profiles identify and quantify 
the input requirements for each industry. It was impractical to incor- 
porate that information into the calculation of costs of those components 
in foreign countries due to data limitations, and default values were 
provided. 

The system configuration in this study is illustrative. Based on 
previous BOS experience, a per-unit cost was determined that would provide 
sufficient accuracy in comparative calculations. Specifically, the fol- 
lowing unit prices were used: 

Photovoltaic Modules $10 per peak watt 

Batteries $0.25 per watt-hour 

Shelter Structure $215 per square meter 

Fencing $6.52 per lineal meter 

Wire $0.46 per lineal meter. 

These prices are useful only for system installations within the United 
States. Outside the United States, the prices are not applicable, but 
where no data are available, these prices are used as default values. 
Price data were assumed to be f.o.b. the manufacturer or his designated 
delivery point. Freight and tariffs are significant in the cost calcula- 
tions, but they are not expressly included here. 

Assumptions 

Cost calculations were based upon the state of the art system design 
methodology, with a provision for permitting the substitution among compo- 
nents according to the desires of the operator. The cost calculation uses, 
as inputs, the set of price data, the system configuration, the labor input 
requirements, inflation, discount, and interest rates, and operating and 
maintenance requirements. It is assumed that the installation is fi- 
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nanced, and that the loan is repayed in equal annual installments. In the 
absence of data supplied for the subject countries, default values were 
provided . 


Calculations were done by using a number of equations specified with 
the goal in mind to keep the calculation methodology as general as pos- 
sible. The procedure is broken down into several parts: 


1) 

Construction Cost 


2) 

Operating and Maintenance Cost 


3) 

Finance Costs 


4) 

Total Life Cycle Costs and Cash 

Flow 

5) 

Net Present Value of Life Cycle 

Costs 

6) 

Correction for Inflation 


7) 

Conversion to Equivalent U.S. Currency 


Parameters may be specified by the individual performing the calcula- 
tions. However, default values in our calculations are as follow: 


interest rate 
inflation rate 
discount rate 
life cycle 
term of loan 
down payment 


10 * 

10 % 

6 % 

20 years 
20 years 
0 


Calculations 

The calculations may be done by hand, but computer tools were used to 
simplify and streamline the operation. The full computer coding is given as 
Appendix C, but the definitional equations are presented here. The list of 
variables appears as Table III-4. 
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TABLE I I 1-4 


LIST OF VARIABLES 


* construe tion/installation labor requirement for 
labor category i per peak watt 


e. 

1 


f. 

1 

CF. 

J 

COST 

D 

ER 


F * 

I 

LABOR. 

i 

LCC 

LW. 

l 

M 

MATERIAL. * 
J 

MC. * 

J 

N 

OMLABOR. .* 


O&M. 

J 


P 


construe tion/installation labor requirement for 

labor category i per meter of wiring 

constant for labor category i 

cash flow in year j 

system construction cost 

discount rate 

the exchange rate in U.S. dollars per unit of 
foreign currency, 
fencing length in meters 
interest rate 

requirement for labor classification in installation 
life-cycle costs 

wage rate for labor classification i 

year in which O&M labor requirement is minimum 

requirement for material type j in construction 

material cost per unit for material type j 

length of useful life of system 

operating and maintenance labor requirement for 

labor category i during year j of system life 

operating and maintenance costs during year j 

original financed principal amount 

(construction cost minus down payment) 
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TABLE III-4 (Continued) 


PMT 


R. 

J 


REALX k 


S 

T 

USZ 


W 

WH 

Wp 

*k 

z 


■ annual payment on loan (debt service) 

* inflation rate in year j 

" the inflation adjusted value of 

* shelter structure size in square meters 

* term of loan 

* the equivalent of Z in U.S. dollars 
“ wiring length in meters 

“ storage capacity in watt hours 

■ peak wattage of system 

■ any money variable in year k 

■ any money variable in foreign currency 
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1) Construction costs are the total of all component costs and the labor 
to install them. The materials requirements are discussed under 
"Standard System," while labor requirements are detailed under "Input 
Requirements ." 

(1.0) COST » Z (LABOR, x LW.) + Z (MATERIALS, x MC.) 

i 1 1 j J J 

(1.1) LABOR. ■ a.Wp + b.WH + c.S + d.F + e^W + fj 

2) Operating and maintenance costs are born throughout the lifetime of 
the system. It is assumed in this calculation that operating and 
maintenance can be approximated with a two parabolas sharing a minimum 
point . 


(2.0) O&M . - Z (OMLABOR . . x LW.) 

J £ J » 1 1 


( 2 . 1 ) 


( OMLABOR j . - 0MLAB0 R m .) x (j - M )' 


OMLABOR. . 
J.i 


(M-l)‘ 


+ OMLABOR^ . 


when j - 1 £ M 


( 2 . 2 ) 


(OMLABOR N . - OMLABOR^ .) x (j - M)' 


OMLABOR. . 
J.i 


(n - mV 


+ OMLABORj^ . 


when j - 1 > M 


3) There are three options available for paying for the system: 
o cash at the beginning 

o financing with equal payments over the term of financing 

o financing with equal payments to a point and a payoff at the end 

of the term (equal payments may be zero) 
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The calculation was done assuaing the second option. 

(1 + 1) T x P 

(3.0) PMT 

l (1 + l ) 3 ' 1 

j-1 

4) Cash flow ia the sum of all costa every year for the life of the 
system. 

(4.0) LCC- Z CF. 

j 3 

(4.1) CFj - PMTj + O&Mj 

5) Net present value is the value today of a stream of life-cycle costs 
based on the relative value of money at some future time compared to 
the present — the so-called discount rate. 

N CF j 

(5.0) NPV - Z p 

j*l (1 + D) J 


6) The value of these figures is affected by inflation. In order to 
reflect the buying power of the cash flow involved, the figures are 
corrected for inflation, by expressing them in terms of currency of the 
construction year. 


( 6 . 0 ) 


REALX^ 


*k 


k 

n (i + r.) 
J 


7) The value of international exchange is determined from day to day on 
the foreign exchange markets. 


(7.0) USZ - Z x ER 
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The costing program is written to permit specification of inputs or to 
rely on default values. The program was constructed based on the assumption 
that system configurations are variable, conditions of insolation and 
geography diverse, and socio-cultural trade-offs numerous. Therefore, it 
is useful to leave the options open to apply any relevant set of hypotheses. 
The program is capable of taking into account economic conditions, wages and 
prices, exchange rates, operating and maintenance requirements, system con- 
figuration, labor input requirements, and capital (components) input 
requirements. The calculations were performed for each country, based on 
the useful information obtained from that country. Other values were 
defaulted. 

The output is in the form of system costs, as described in Section IV, 
integrating indigenous labor into BOS production. The construction cost, 
life-cycle cash flow, present value of life cycle cash flow, and both cash 
flows corrected for inflation are given in both local currency and U.S. 
dollars. Examples output are Tables A-l through A-8 in Appendix A. 
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SECTION IV 


RESULTS AND OBSERVATIONS 

Thia section reports the numerical results of the research, from 
which the conclusions of Section II are drawn. In addition, further 
relevant observations are made, on which the recommendations of Section II 

are based. 

Results 

The results of this study belong to two groups: 1) data collection 
results and 2) system cost calculations. Both the data and the cost 
calculation results are presented in country-specific form in Appendix A, 
but summarized in this section. 

The data collection included wage and product information. The wage 
data are nearly complete, but product data were seldom available, and when 
they were provided, they did not always fit well into the standard system 
configuration that was postulated. The country specific labor data, sum- 
marized in Table IV- 1, are expanded in tables A-l through A- 8 in Appendix 
A. 

The design phase of the data collection did not take into account that 
there is a large variety of talents and skill levels for each category, 
(e.g., finish/rough carpentry, house/water-main plumber, bulldozer/ 
tractor/crane operators, etc.) There was also a large regional differen- 
tial in wage rates among urban and rural areas. Thus, for each data set, 
the appropriate wage rate or an average was used for calculations. In 
addition, some of the data were collected with the intention that they 
would be used in costing out component manufacturing processes. However, 
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TABLE IV- 1 

summary OF LABOR RATES 
(In U.S. Dollars per Month} 



.».il.bl., . default value „„ „..d, e ,u.l to 1.66 tiee. the „f the fir , t 


more information would be required to do that. Thus, not all tha data wart 
uaad. 

Price data tiara collected for a large variety of coanoditiea, but the 
following were ueeful, where they were available: battcriea, wire, build- 
ing conatruction, and fencing. Again there ia a degree of ambiguity that 
made the data difficult to uae. (e.g., commercial/induetrial/domeatic 
conatruction, etc.) In each caae a judgment waa made to be able to make 
uae of the data. Table IV-2 aunaaarieea the component price data that were 
uaed in calculationa. 

The coat calculation reaulta are given in tablea A- 9 through A-16 in 
Appendix A. They are preaented in aynopaia form in Table IV-3. A ayatem 
coat ia calculated for the United Statea data for compariaon purpoaea. The 
differencea among ayatem coata are generally due to labor input coata at 
two levela — in the inatallation of the ayatem and in the manufacture of 
the ayatem componenta. The coat impact from inatallation ia calculated, 
while the coat impact of uaing componenta manufactured with local labor ia 
factored in by uaing local pricea for domeatically produced comrnoditiea 
when available. The life-cycle coata of the ayatema augment the conatruc- 
tion coate by debt aervice a:.u by operating and maintenance coata. 0 & M 
ia largely labor, and in our calculationa it ia aaaumeJ to be entirely ao. 
Obaervationa 

Photovoltaic deaign proced'irea range in complexity from computer pro- 
gram* to elide rulea. Moat published work to date aaaumea U. S. pricea of 
the late 1970' a, a developed economy, a clear coat ef fectiveneaa with (or 
in the ebaence of) competing electric grid aupplied power, and an implicit 
level of riak aversion. Load profilea are alao aaaumed to be eetabliahed. 
In fact, few of thoae characteriatica exiat outaide the United Statea. To 
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TABLE IV- 2 

JMHARY OP MATERIALS COSTS 
(In U.S. Dollars per unit) 




TABLE IV- 3 

SUMMARY OF SYSTEM COSTS 
(In U.S. Dollars) 
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governing these calculations are found in chapter III, and full calculations are in Appendix 


design systems in a universal fashion, these factors must be taken into 
account on an individual basis. There must be interface between the 
pricing and the sizing portions of the design procedure. And there must be 
explicit recognition of the many facets of energy demand, including vari- 
able load profiles and willingness to take risks. 

There are cost and technology trade-offs among the various components 
of PV systems. Within reason, for one example, battery capacity may be 
replaced with PV generation capacity. More cells will generate electric- 
ity on cloudy days, obviating the need for battery storage during periods 
of cloudiness. In another example applicable to relatively inexpensive 
labor, we observe that batteries are made with or without maintenance 
requirements. Maintenance requires man-hours of labor, but maintenance- 
free batteries cost more. As a third example, if reliability requirements 
are reduced, other components may be reduced. If the user is willing to 
take the chance that demand will coincide with sunshine, or that battery 
discharge will be of one description and not another, then designers may be 
able to include fewer or less expensive batteries in the system. 

Demand for energy is a culturally defined phenomenon. Demand will 
slowly change as sources of energy change and are accepted, but initially 
the existing energy-related behavior will define the load on new sources. 
If PV replaces oil lamps, then people will want to use PV-powered lights in 
the same way as they used oil. If PV replaces horses, then the machinery 
powered by PV will be used according to the same schedule as similar 
machinery driven by horses. If machinery is placed where there was nothing 
previously, then there is no characteristic demand profile, and it can be 
molded. 
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In societies where electricity and electrical appliances are used and 
maintained, then the technical expertise to deal with them is likely to be 
available. Since the technical level for much BOS installation or opera- 
tion and maintenance is no higher than for such appliances, then PV system 
construction and support are feasible. On the other hand, in some socie- 
ties, there is presently no electricity. Thus, it is much more difficult 
to locate skills adequate to participate in the installation of PV systems. 

The recognition of PV cost effectiveness will increase demand for 
systems. That will imply increased demand for components that can be 
produced locally. Thus, industrial development will be stimulated. 
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APPENDIX A 


DETAILED DATA AND COST CALCULATIONS 
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TABLE A-l 

LABOR DATA FOR EGYPT 


Labor Category 

Wages in Pounds/day^ 

Wages in U.S.$/day 

Laborer 

3 

4.30 

Machinist 

30 

42.85 

Welder 

50 

71.40 

Electrician 

10 

14.30 

Carpenter 

40 

57.15 

Cement Mason 

15 

21.45 

Pipe Fitter 

25 

35.70 

Heavy Equipment Operator 

25 

35.70 


1. Source: A. Alaa El-Din Nazmy, Third Secretary, Embassy of the 
Arab Republic of Egypt. 

2. Exchange Rate: 0.70 L.E./U.S. dollar. Effective November 15, 

1979 (Source: First National Bank of Atlanta) 
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TABLE A- 2 

LABOR DATA FOR HAITI 


Labor Category 

Laborers 

Machinist 

Welder 

Electrician 

Carpenter 

Mason 

Pipefitter 

Heavy Equipment Operator 
Foreman 


Wages in Gourdes /day 

11.00 

30.00 

35.00 

25.00 

25.00 

35.00 

25.00 

873.00/month 

38.72 


Wages in O.S.$/day ^ 
2.20 
6.00 3 

7.00 

5.00 

5.00 

7.00 

5.00 

175/month 

7.75 


1. Data was collected in U.S. dollars during a trip to Haiti in 
October, 1979 and then converted to gourdes. 

2. Exchange Rate: 4.99 Gourdes/U.S. Dollar, effective November 
15, 1979 (First National Bank of Atlanta) 

3. Estimated by relative wages for similar categories 
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TABLE A- 3 

LABOR DATA FOR IVORY COAST 


Labor Category 

Wages in Francs/mo. * Wages 

in U.S.$/month 

Laborer 

27,408 

109.65 

Machinist 

54,576 

218.30 

Welder 

82,224 

328.90 

Electrician 

87,357 

349.50 

Carpenter 

87,357 

349.50 

Mason 

87,357 

349.50 

Pipe Fitter 

68,986 

275.95 

Heavy Equipment Operator 

109,152 

436.60 

1. Source: Ivory Coast Chamber 

of Commerce 


2. Exchange Rate: 250 FCFA/U.S. dollar. Effective November 

15, 1979 (Source: First National Bank of Atlanta) 



» 
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TABLE A- 4 

LABOR DATA FOR KENYA 


Labor Category 

Wages 

Nairobi 

area 

in Shillings/hour* 
other 

urban rural 

Wages 

in U.S.$/hour 

Laborers 

2.30 

2.25 

2.15 

.30 

a 

Machinists 

3.40 

3.30 

3.10 

.44 

Welders 

3.75 

3.60 

3.30 

.48 

Electricians^ 

3.40 

3.30 

3.10 

.44 

4 

Carpenters 

3.40 

3.30 

3.10 

.44 

Masons^ 

3.40 

3.30 

3.10 

.44 

4 

Pipefitters 

3.40 

3.30 

3.10 

.44 

Heavy Equipment 
Operators 

3.70 

3.55 

3.25 

.48 

Foreman 


5.89 


.80 

Housing Allowance 

90.00/mo. 

75.00/mo. 

60.00/mo. 

8. 10/mo. 


1. Minimum wages effective October 30th 1979, housing allowances 
must be added. Source: Kenya Ministry of Labor. 

2. The data for skilled tradesmen in Kenya was subdivided into 

three levels, any of which appear to be qualified to do unsupervised 
work. Some of the data in this table are the middle of the 
three categories. 

3. Exchange Rate: 7.4 shillings/U. S. Dollar, effective November 
15th, 1979. Values are converted from the column marked "other 
urban." (First National Bank of Atlanta) 

4. These labor categories fall under the label "general tradesmen" 


- 32 - 


TABLE A- 5 

LABOR DATA FOR MEXICO 


Labor Category 

Wages in Peaos/day 1 

Wages in U.S. $/day 

Laborer 

150 

6.65 

Machinist 

375 

16.65 

Welder 

375 

16.65 

Electrician 

375 

16.65 

Carpenter 

375 

16.65 

Mason 

300 

13.35 

Pipefitter 

400 

17.51 

Bulldozer Operator 

375 

16.65 


1. Effective 1980. Source: Ricardo Alvarez 

2. Exchange Rate: 22.50 pesos/U.S. dollar, effective February 
12, 1980 (First National Bank of Atlanta) 
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TABLE A-6 

LABOR DATA FOR NEPAL 


Labor Category 

Wages in Rupees/month 1 

Wages in U.S.$/month Z 

Laborers 

200 

16.70 

Machinists 

290 

24.20 

Electricians 

320 3 

26.70 

Welders 

290 3 

24.20 

Carpenters 

390 4 

32.50 

Masons 

390 4 

32.50 

Pipefitters 

390 4 

32.50 

Heavy Equipment Operators 

450 4 

37 . 50 


1. Effective October 30, 1979. Source: Nepal Ministry of industry 

and Commerce, Department of Labour 

2. Exchange Rate: 12.00 Rupees/U.S. Dollar, effective November 
15, 1979 (First National Bank of Atlanta) 

3. May be as high as 390 Rupees 

4. May be higher 
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TABLE A- 7 

LABOR DATA FOR THE PHILIPPINES 


Labor Category 

Wages in pesos/month* 

Wages in U.S.$/month 

Laborer 

330 

44.90 

Machinist 

444 

60.40 

Welder 

472 

64.20 

Electrician 

454 

61.80 

Carpenter 

416 

56.60 

Cement Mason 

394 

53.60 

Pipe Fitter 

424 

57.70 

Heavy Equipment Operator 

544 

74.00 


1. Mean wage* for Manila effective March 1979 asauraing a 48-hr. work week. 

Source: Philippine Ministry of Labor 

2. Exchange Rate: 7.35 Peao*/U.S. dollar. Effective November 

15, 1979 (Source: First National Bank of Atlanta) 
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TABLE A-8 

LABOR DATA FOR THE UNITED STATES 


Labor Category 

Vagea in U.S. S/hour 

Laborer 

11.13 

Electrician 

13.30 

Carpenter 

14.20 

Maaon 

14.20 

Pipefitter 

15.40 

Heavy Equipment Operator 

14.00 

Super viaor 

(percentage) 


1. Prevailing union wage* effective July 1979. Source: 
Conatruction Batimator , Craft aman Book Co. (1979) 

2. Including benefita 


National 
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L CCNST* LOT 

ior 

COSTl 

35355.92 



CASH FLCN 


VIC 

PAYMENT 

MAI NT . 

COST/YR 


CCKNFAYM-Mt 


S.0C 

I 

L5S5.52 


1 Obi. 53 

55L7.55 

2 

b’os.e: 


13L.3C 

L536.92 

3 

LSC5.5? 


13L. 55 

LiL 0 .25 

L 

LS05.52 


135. 72 

L5L1.3L 

s 

5505. 53 


137.L5 

L5L3.11 

6 

L50i.fl 


135.57 

L5L5.60 

7 

>505. i’ 


lL2.lt 

L5LO .75 

* 

■■ 505. t ’ 


1L7. 05 

L552.55 

9 

505. 52 


151.57 

L557.30 

1C 

L5t'5. 


155.59 

L552.61 

11 

L505.il 


16 3.02 

L558.5L 

12 

5505. t? 


165.75 

L575.35 

13 

L5C5.il 


177.20 

L5I2.53 

lb 

L505.52 


IS 5. 36 

Li 5 0 .9t 

15 

L505.il 


19L.22 

L559.65 

It 

L505.E2 


20 3.75 

L709.L2 

17 

L505. i2 


2lL.0t 

l71 9.70 

It 

L5C5.52 


225. C7 

L7I0.65 

15 

L505.il 


23i. 77 

L7L2.35 

2C 

L505. 52 


2L 5. It 

L75L.OO 

TOT 

90112. L5 


L3L1.LI 


CASH 

FLCKI 



9LL53.09 

NFV 1 

of cash flow* 


SL279.L0 


IV3RY COAST FRANCS 


CAEH FLOW 

CORRECUO TCS INFLATION 
PAYMENT MINT. CCST/YR 


OOMNPAYMENTi 


0.00 

L095.02 

9L7.21 

50L3.23 

3723.16 

110.99 

363L.65 

336 5. 1L 

101.17 

3L06.31 

3C77.L0 

92.70 

3170.10 

279 7. 5L 

65.37 

2663.01 

25L3.31 

79.01 

2622.32 

2312.10 

73. L7 

2369.55 

2101.91 

66.61 

2170.51 

1910.02 

6L.32 

1975.15 

1737.11 

tO. 53 

1797. 6L 

157 5.19 

S7.1L 

1636.33 

1L35.53 

5L.09 

1L69.72 

130 5.12 

$1.33 

1356. L5 

1185.L7 

L6.01 

1235.26 

1070.51 

L6.50 

1125.11 

96 0.56 

LL.35 

102L.91 

691. LI 

L2.35 

933.77 

615.26 

L0.LS 

050.65 

736.71 

36.71 

779. L2 

665.73 

37. 0L 

706.77 

36356.52 

21LL.17 


AC JUS TED CASH 

FLONI 

L0503.05 

AC JUSTED NPV< 


27512.09 


TABLE A-llb 

SYSTEM COSTS FOR IVORY COST 
(in U.S. Dollar*) 



IVCFY CCAST I FIOLRfS IN L.S. OCLLASS 



TOTiL Li 

’OR 

COST T 

592.05 




TOTAL MATERIALS 

COSTl 

1L752.51 




TOTAL 

CCNSTRLCT 

:ot 

COSTl 

153L3.57 

CA 

EH FLOW 




CASH flcn 


CORRECUO 

FOR INFLRTION 

YF 

FAYMENT 

MAIM. 

CCST/YR 

PAYMENT MINT. 

CCST/YR 


OONNf RYMcNTl 


0.00 

OOWNPAYME NT 1 


0.00 

1 

10C2.25 


Lit. 77 

* 2219.02 

1636. LI 

376.66 

2017.25 

2 

1A02.25 


53.72 

1555.97 

1LS 5. L6 

LL.L0 

1533.65 

3 

1602.25 


53.65 

1056.11 

135L.C6 

L0.L7 

139L.52 

L 

1802.25 


5L.25 

1656. 5L 

1230.56 

37.06 

1266. 0L 

5 

1602.25 


55.00 

1657.25 

1119.06 

3L.15 

1153.20 

6 

1602.25 


55.59 

1656. 2L 

1017.32 

31.60 

1GL6.93 

7 

1602.25 


57.27 

1659.52 

92L.6L 

29.39 

95L.23 

6 

1*02.25 


55.03 

1651. 06 

6L0. 76 

27. LL 

*66.21 

9 

1002.25 


60.57 

16(2.92 

76L. 33 

25.73 

790.05 

10 

1602.25 


62.60 

16(5.05 

69L. (5 

2L.21 

719.05 

11 

1*02.25 


65.21 

1I57.L5 

631.56 

22.(5 

65L.53 

12 

1602.25 


67.50 

1(70.15 

57L. 25 

21. 6L 

595.05 

13 

1602.25 


70.66 

1(73.13 

522.05 

20.53 

5L2.56 

1L 

1*02.25 


7L.1L 

1(76.39 

L7L.59 

19.52 

L9L.11 

15 

1002.25 


77.69 

1679.9L 

L31.LL 

1S.60 

L50.0L 

15 

1*02.25 


*1. 52 

1663.77 

3192.22 

17. 7L 

L09.95 

17 

1*02.25 


*5.51 

1667.66 

356.57 

16. 9L 

373.51 

It 

1002.25 


90. C! 

1652.28 

32 L. 15 

16.19 

3L0.3L 

15 

1602.25 


9L.71 

1(56.95 

29L. 56 

15. L9 

310.17 

20 

1602.25 


95.67 

1501.92 

26 7. 69 

1L.62 

2(2.71 

TOT 

35 0LL. 59 

1 735.55 


153L3. 57 

657.67 


CASH 

FLCHI 



37761 .56 

ACJUSTEO CASH FICMI 

16201. 2L 

LPV OF CASH FlCVI 


21751.75 

AC JULIE 0 AP Vi 


HOOL.tL 


TABLE A- 12. 
SYSTE- COSTS FOP REST A 
(in F«ny*n Shilling.) 


KEKTtl FliL'LS II. WE.SVAN SfILLINOS 

TC1I. LI CS fOSlt 1232. 1C 
TOTIL PAT£*ULS COSTl 11CS3 7.4? 
total cc.-.stsl:t:cp coin 111903.9? 

CASH FLOW 

cisr flcw corf.ecug res xnflat sot. 


TS 

PAYNEM H 

AlhT. 

COST/YF 

PAYMENT 

HAIM. 

CCST/YR 


COW NFAY F£NT 1 


O.OC 

DOW (PAY FELT I 

O.OC 

1 

uikk.;; 

555. 2 C 

1‘lCk.GO 

11565. 27 

(72.55 

12621.(2 

2 

13166.21 

21k. 23 

13350.(3 

10062.57 

177.63 

11060.60 

3 

ink*..!: 

21S.CS 

1I3S9.25 

9675. 63 

121.57 

10037.00 

* 

13166.20 

212.12 

11320.32 

0577.66 

167.61 

9125.22 

5 

13166.20 

217. SI 

13322.11 

(161.51 

135.31 

0296.02 

6 

13166.20 

22C.k2 

1332k. 62 

7615. 56 

126.62 

7563.90 

7 

131k*. 23 

223.2k 

13327.2k 

6765. OS 

116.76 

6059.62 

t 

13 Ikk. 20 

22 7. 5( 

13371.7* 

6131. (7 

106.17 

6230.03 

9 

131kk. 23 

232.23 

13376. k3 

5576.62 

50.69 

5672.91 

10 

lllkk. 21 

237. 21 

12321.(0 

5067. 66 

91.61 

5159.22 

11 

131kk. 21 

2kl. 2S 

133(7.(5 

6606. 56 

65.61 

6692.37 

12 

13 lkk. 21 

250. k? 

13356.65 

6100.15 

79.01 

6267.92 

13 

131kk. 21 

252.01 

136C2.21 

3*07.61 

76.76 

3662.16 

It* 

13 lkk. 20 

262.2k 

13610. k k 

3661. 20 

70.11 

3531.35 

IS 

131kk.20 

275.1S 

13613.35 

3162.62 

65.06 

3212.50 

ie 

1 31kk. 21 

256. 22 

13629.02 

2660. 56 

61.99 

2922.55 

17 

13 lkk. 20 

235.2k 

13639.66 

2600. 51 

56.61 

2656.92 

12 

131kk. 2 0 

302. 2k 

13650.56 

236k. 10 

55.10 

2619.20 

IS 

lllkk. 20 

312. IS 

136(2.35 

2165. 1( 

52.02 

2201.20 

20 

lllkk. 20 

3io.ee 

1367k. 62 

1953. (0 

69.15 

2002.95 

TOT 

2620(3.91 

5 793. *2 


111503. 50 

<6(2.53 


CASt* 

FLCWt 


262277.90 

AC JUSTED CASH 

FLCWt 

116506.51 

NPV 

OF CASH FLCWt 


156236. (2 

AC JUSTED (Pvt 


77662.90 






TABLE A- 12b 






SYSTEM COSTS FOR FENYA 






(in 

U.S. Dollars) 



KEKYA 1 FIOLRES IK L.S. OCLLAAS 




TOTAL la=or 

COSTl 

175.15 




TOTAL FAT2RULS 

COSTl 

16967.01 




TOTAL CCNSTSLCTIOP 

COSTl 

15122.12 








CASh FLOW 



CASH FlCW 


C0RRECT2.0 

FOR INFLATION 

YR 

PAYHEKT HAIM. 

-CCST/YR 

PAYtSKT HAIM. 

CCST7YR 


0OWNF AYFE M 1 


0.00 

OOWhPAYFEHT I 


0.00 

1 

1776. 2k 

125.70 

1505.95 

1216. 77 

117.91 

1732.26 

2 

1776.2k 

25.01 

1205.22 

1667.57 

23.90 

1691.95 

3 

1776.26 

29.02 

1(05.30 

1336.52 

21.03 

1356.35 

6 

1776.26 

25.21 

1(05.65 

1213.20 

19.95 

1233.15 

5 

1776.2k 

29.65 

1(05.25 

1102.91 

10.22 

1121.19 

6 

1776.2k 

25.79 

1206.03 

1002. 26 

16.01 

1019.62 

7 

1772.26 

30.22 

1(06. 62 

511.69 

15.51 

927.00 

C 

1776.26 

30.75 

1207.00 

626.(3 

16.35 

662.92 

9 

1776.26 

31.3? 

1(07.23 

753.30 

13.31 

766.61 

10 

1776.26 

32. 11 

1(00.35 

206. (2 

12.36 

697.20 

11 

1776.2k 

32.53 

1109.17 

622.56 

11.56 

636.10 

12 

1776.2k 

S3. (5 

1(10.09 

565.57 

10.79 

576.75 

13 

1776.26 

36. (7 

1(11.11 

516.51 

10.10 

526.61 

16 

1776.26 

35.se 

1(12.22 

667.76 

9.67 

677.21 

15 

1776.26 

J7.19 

1(13.63 

625.22 

0.90 

636.12 

16 

1776.26 

36.69 

1(16.76 

302.56 

0.30 

396.96 

17 

1776.26 

39.50 

1(16.16 

351.62 

r.*9 

359.31 

1( 

1772.. 26 

61.60 

1(17.66 

319.67 

7.65 

326.92 

15 

1776.26 

62. SS 

1219.26 

290. k3 

7.03 

297.62 

20 

1772.26 

66.29 

1220.93 

26 6. 03 

6.66 

270.27 

TOT 

35526. (6 

702.52 


15122. 16 

322.50 


CASH 

FLCWt 


3(307.62 

AC JUS IE C CASH F LOW 1 

15606.66 

HPv 

OF CASH FLOW! 


20(62.55 

AC JUSTED M>VI 


10667.57 
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TABU A- 13a 

SYSTEM COSTS FOB MEXICO 
(in Haaican Paaol) 

ft X ICC I FIGURES IK M£ilCAF PESOS 

total Li*o« cestt iiAit.ki 
TOTAL MATERIALS COSll 115572.00 

total ccnstrlctto corn 7531:7.41 

CA!h FLOW 

CAS M FLCW C0RP6CTE0 FOS INFLATION 


r* 

PAYMENT MAI NT. 

COS1/VR 

PAYMENT 

PAINT. 

CCST/TR 


OOMNFAFNENY I 


0.00 

OCMNPATFENTI 

(.00 

l 

414(5. 15 

1C 242. 46 

51727.74 

37713. (7 

5311.34 

47025.21 

2 

<•li.tS.26 

1565.55 

43C54.91 

34265.34 

1257.15 

35562.49 

3 

<•14*5.26 

1573. C7 

43059.33 

31166.49 

11(1.67 

32350.36 

A 

41415.26 

15(3.65 

43C66.52 

26334. 59 

10(1.66 

29416.65 

5 

414(5.26 

1(01.25 

43066.55 

25759.06 

954.26 

26753. 3( 

6 

41465.26 

1625.59 

43111.24 

23417.35 

917.82 

24335.17 

7 

41495. 26 

1657.72 

43142.6c 

21266.50 

650.67 

22135.17 

• 

41465.26 

1696.52 

431(1. 7( 

19353.10 

751.44 

20144.62 

9 

41465.26 

1742.37 

43227.63 

17593.60 

736.93 

1(332.74 

10 

414(5.26 

179 5.17 

432(0.54 

15594.36 

652.16 

166(6.52 

11 

41465.26 

1655.23 

43340.46 

14540.33 

650.25 

15190. 5( 

12 

41465.26 

1922.25 

43407.51 

1321 6. 48 

612.45 

13(30.97 

13 

41465.26 

1996.31 

434(1.57 

12016.(0 

576.26 

12595.06 

1* 

414(5.26 

2077.43 

43562.70 

10924.37 

547.05 

11471.42 

15 

41465.26 

2165.61 

43(50.67 

993 1. 24 

516.43 

10449.67 

16 

41465.26 

2260.(4 

43746.10 

9020.40 

462.02 

9520.43 

17 

414(5.26 

236 3.12 

43646.36 

0207.(4 

467.53 

(675.17 

10 

414(5.26 

2472.46 

43557.72 

7461.49 

444.69 

7506 . It 

14 

414(5.26 

25(t.(5 

44074.11 

67S3. 17 

423.30 

7206.47 

20 

41465.26 

2712.25 

44157.55 

6166.52 

403.17 

6569. 6( 

TOT 

029705.22 

47 5 0 2.30 


3531(7.41 

22994.51 


CASK 

flcwi 


877207.52 

ACJUSTEC CASH 

FLOW! 

3761(1.92 

hPY 

OF CASr FLCwi 


505037.12 

ACJUSU0 NPVI 


255557.44 


TABLE A- 13b 

SYSTEM COSTS FOR MEXICO 
(in O.S. Dollara) 


MEXICCl FIGURES IN L.S. DCLLAAS 

TOTAw LA30R COSTl 60S. 13 
TOTAL MATERIALS COSTl 15052.05 
TOTAL CONSTRUCTION COSTl 15657.22 



CASM FLCW 


CASM FLOW 

CORRECTEO FCR INFLATION 


YR 

PAYMENT MAINT. 

COST/YR 

PAYMENT 

MAINT. 

CCST/YR 


DOWNPAYMENT 1 


- 0.00 

OOWNPAYMENT 

1 

0.00 

1 

1(43.79 

455.22 

2259.01 

1676. 17 

413.(4 

2090.01 

2 

1(43.79 

65.76 

1513.55 

1523. 79 

57.65 

15(1.44 

3 

1(43.79 

69.91 

1513.70 

1365.27 

52.53 

1437.75 

4 

1(43.79 

70.36 

1514.17 

1259. 33 

46.07 

1307.41 

5 

1(43.79 

71.17 

1514.96 

1144. (5 

44.19 

11(9.04 

6 

1(43.79 

72.27 

1516.06 

1040.77 

40.79 

10(1.56 

7 

1(43.79 

73. 6t 

1517.47 

946. 16 

37.(1 

563.96 

( 

1(43.79 

75.40 

1519.15 

(60. 14 

35. 11 

695.32 

9 

1(43.79 

77.44 

1521.23 

7(1.95 

32.(4 

614.79 

10 

1(43.79 

75.79 

1523.56 

710.(6 

30.7b 

741.62 

11 

1(43.79 

(2.45 

1526.24 

646. £4 

26.90 

675.14 

12 

1(43. 79 

(5.43 

1529.22 

5(7.49 

27.22 

614.71 

13 

1(43.79 

((.73 

1532.51 

534. 0( 

25.70 

559.76 

14 

1(43.79 

92.3! 

1536.12 

4(5.53 

24.31 

509.64 

15 

1(43. 79 

95.25 

1540.04 

441. 39 

23.04 

464.43 

16 

1(43.79 

100. 4( 

1544.27 

401.26 

21.(7 

423.13 

17 

1(43.79 

105.03 

1546.82 

364. 76 

20.76 

3(5.56 

1( 

1(43.79 

1(9. (9 

1553.66 

331. (2 

19.76 

351.35 

19 

1(43.79 

115.06 

1556.(5 

301.47 

1(.(1 

320.25 

20 

1(43.79 

120.55 

1564.34 

274. 07 

17.92 

291.95 

TOT 

36(75. 79 

2111.21 


15697.22 

1021.96 


CASM 

FLCWI 


3(5(7.00 

ACJUSTEC CASM 

F LOW 1 

16719.20 

NPV 

OF CASM FLOW 1 


2?Ai«6.05 

ACJUSTEC (PVI 


113SA.il 
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TABLE a- 14a 
BYSTEM COSTS FOB NEPAL 

(in Nepaleat Bupeea) 

NE»ALI FIGIPtS IP »E»AL FlFP(ES 

TOT A. It JI COSTl SPA. 61 
TOTAL PATE B IALS COST I 163696.12 
TOTAL CCNSTAICTIOP CCSTl 16606t.72 

CASH FLOW 

CASH FLCk COBB EC TED f OF INFLATION 


VR 

FAYHtKT H 

AInT. 

C0S1/YF 

PAY HE NT 

NAIM. 

CCST/YR 


COwS B AYHEN T t 


0.00 

OOHNPAYHENTi 

0.00 

1 

1S2P1.AS 

AO 1 • (A 

19672. A9 

17515.50 

36 A .56 

176*6.06 

2 

1S2P1.A5 

60.21 

19291. 6( 

15526.62 

66.29 

15553. 11 

3 

15271.6$ 

6C.3E 

19391.6 1 

1AA76.53 

60.37 

1A53S.3C 

A 

1S271.A5 

00.79 

19352. ZA 

13162.66 

SS.lt 

13217.66 

5 

1S271.AS 

61.92 

19392.97 

11566. C6 

$0.61 

12016.67 

6 

19271. AS 

62.93 

19393.96 

10676.23 

66. S9 

10926.62 

r 

19271. AS 

63.63 

19359.29 

96S9. 30 

63.02 

9932.32 

e 

19271. AS 

69.A3 

19356.66 

6590.27 

39.65 

9030.13 

9 

19271. AS 

67.31 

19356.76 

6172.96 

37.03 

6210.01 

10 

19271. AS 

69.A9 

19360. 9A 

7A2S. 56 

36. SO 

7666.66 

11 

19271. AS 

91.99 

19363. AO 

67SA.S3 

32.23 

6706. 7$ 

12 

19271. as 

9A. 71 

19366.16 

■616 0, 66 

30.16 

6170.65 

13 

19271. AS 

97.79 

19369.20 


26.31 

9610. 57 

1A 

19271. AS 

101. C8 

19372. S3 

9:'7A. 7i- 

26.62 

5101.35 

IS 

19271. AS 

10 A. 71 

15376.16 

A613.A3 

25.07 

6636. SO 

16 

19271. AS 

106.62 

19360.07 

A19A. 03 

23.66 

6217.67 

IT 

19271. AS 

112.62 

1936A. 27 

3612. 

22.32 

363$. oe 

16 

19271. AS 

117.32 

15366.77 

3666. la 

21.10 

3667.26 

IS 

19271. A5 

122.10 

19393.55 

31S1.0A 

19.96 

3171.00 

20 

19271. AS 

127.17 

19396.62 

266A.se 

16.90 

2603.66 

TOT 

36 9 A29. 03 

2230. 73 


16A066. 73 

1066.36 


CASH 

FLCWI 


367659.76 

ACJUSTEO CASH 

FLCWI 

165115.05 

NPV 

OF CASH FlOwi 


222766.31 

ACJUSTEO NPVI 


111660.15 


TABLE A- l At 

SYSTEM COSTS FOR NEPAL 
(in U.S. Dollar!) 


NEPAL l FIGURES IN U.S. DCLLAAS 



TOT*. LAiOF 

COSTl 

A7.se 




TOTAL HATERUlS 

COSTl 

13626.51 




TOTAL CCnSTRUCTIOF 

COSTl 

13672.35 









CASH FLOW 



cash flow 


corrected for inflation 

YF 

FAYMENT MAI ST. 

. COS1/YK 
*• 

PAYMENT 

RAINT. 

CCST/YR 


CONN* AYHENTl 


0.00 

OOWNPAYHENT 

1 

0.00 

1 

1605. 95 

33.62 

1(39.37 

1655.56 

30.36 

1690.36 

2 

1605.95 

6.66 

1612.66 

1327.23 

5.52 

1332.76 

3 

160S.55 

6.70 

1612.65 

1206. 56 

5.03 

1211.61 

A 

1605.55 

6.73 

1612.65 

1096.69 

6.60 

1101.65 

5 

1605.95 

6.79 

1(12.75 

997. 17 

6.22 

1001.39 

6 

1605.55 

6.ee 

1612.63 

906.52 

3.66 

910.60 

7 

1605.95 

6.95 

1(12.96 

626. 11 

3.55 

(27.65 

6 

1605.95 

7.12 

1613.07 

76 5.19 

3.32 

752.51 

9 

1605.55 

7.20 

1(13.23 

6(1.06 

3.19 

6(6.17 

10 

1605.55 

7.66 

1(13.61 

619. 16 

2.(6 

622.06 

11 

1605.95 

7.66 

1(13.62 

562.(6 

2.65 

565.56 

12 

16C5.55 

7.(9 

1613.65 

511.71 

2.51 

516.22 

13 

1605.55 

P.15 

1(16.10 

665.19 

2.36 

667.55 

16 

1605.95 

6.6? 

1(16.36 

622.50 

2.22 

625.12 

15 

1605.95 

B.P3 

1616.60 

3(6. 65 

2.09 

3(6.56 

16 

1605.95 

9.05 

1(15.01 

36 5. 50 

1.97 

351.67 

17 

1605.95 

5.60 

1(15.36 

317.73 

1.66 

319.59 

16 

1605.55 

5.76 

1(15.73 

2(6. 66 

1.76 

290.60 

IS 

1605.55 

10.17 

1(16.13 

262. 59 

1.66 

266.25 

20 

1605.95 

to. to 

1(16.55 

236. 71 

1.56 

260.25 

TOT 

32115. C9 

ie5.(9 


13(72. 39 

67.20 


CASH 

FLCWI 


32306.96 

AC JUSTED CASH 

FLCWI 

13759.59 

NR» 

OF CASH FlCwi 


16 5 32 .AC 

ACJUSTEO NPVI 


9290.02 


r 


TABLE A-lSt 

SYSTEM COST FOR PHILIPPINES 
(ir. Philippine Ftaoi) 

PhILIP*! n£ n riiLAlS If fiUJiflU PESCS 



TOTA. L*'0* 

COST* 

73 6 . IT 




TOTE* PtTf-TIiLS 

COST* 

56(33.56 




TOTAL CCMTHIT’O* 

COST* 

67366.7* 








CASP FLOW 



CAS P FLCk 


COKF.EC 760 

(Of INFLATION 

VS 

PAYMENT PS 

INT. 

CCS1/TS 

PAYMENT PAINT. 

CCSI/TR 


CONNPAVPSNTl 


o.ec 

OCHNPAYPENT 1 


0.00 

1 

11.36.50 

551.65 

116 6e .5 6 

10397.16 

501.53 

1069c. 71 

2 

11636.93 

131.37 

115(6.27 

9.51.56 

106.57 

5560.55 

3 

11.36. s: 

131.5* 

115 ..► 

• 552. 71 

66.66 

0691.57 

A 

15636.50 

132.21 

115(9.10 

7611. 55 

50.30 

7901.05 

5 

11.36.51 

133.25 

11570.1. 

7101. .1 

62.7. 

710A.1S 

6 

11.36.50 

13.. 70 

11571. 6C 

6.55. 63 

76.0. 

6531.67 

r 

11.36.50 

136.56 

11573. .6 

5666.6. 

70.09 

5939.02 

• 

11.36.50 

13 6.67 

11575.77 

5335. .0 

6A.F6 

5A0C.lt 

% 

11.36.50 

1.1.56 

1157A.A7 

A650. 36 

60.0. 

A910.A0 

10 

11.36.50 

1...70 

11561. 6C 

..09. .2 

55.75 

AA6S.21 

11 

11.36.50 

1.6.2. 

115(5.1. 

A006. 56 

51.96 

A060.52 

12 

11.36.50 

152.20 

11569.09 

36A.. 15 

AO. .9 

3652. 6A 

13 

11.36.50 

156.57 

11563. A7 

3312. 66 

A5.35 

3356.21 

1 A 

11.36.50 

161.36 

11550.26 

3011.69 

A2.A5 

305A.16 

15 

11.36.50 

166.57 

11603. A6 

2737.50 

36.67 

2777.76 

16 

11.36.50 

172.16 

11609. 09 

2.66.00 

37.A7 

2626. A e 

IF 

11.36.50 

176.23 

11615.13 

2262. 73 

35.26 

2297.99 

It 

11.36.60 

IS.. 66 

11621.56 

2057.03 

33.22 

2090. 2A 

15 

11A36.6!T 

191.56 

11626. .5 

1070. E2 

31.32 

1901. 3A 

20 

11.36.63 

196.6. 

11635.7. 

1700.(2 

29.56 

1729.56 

TOT 

226737.6. 3.66.55 


97366.75 

1603.73 


CASH 

FLCNI 


232(2. .90 

AC JUSTE t CASP FLONI 

66972.A5 

MV 

OF CASP FLOW! 


133261.97 

ACJUSTEO PPV* 


6606A.6A 


TABU A- 15b 

SYSTEM COST FOR PHILIPPINES 
(in U.S. Dollar.) 


PHILIPPINES* FIGIPES IN L.S. OCLL6FS 



TOT A* LA? OS 

COST* 

10C. 02 




TOTAL PATE°I1LS 

COST* 

131.7. .3 




total 

. CCNSmCTIOf 

COST* 

132.7. .5 








CA 

Sp FLOW 



CASP FLCH 


CORRECTED 

rot INFLATION 

Yf 

PATIENT MAIM. 

^ COST/YP 

PAY PENT MAIM. 

CCST/YR 


OONNFAVPENT 1 


0.00 

OCHNPAYPENT 1 


0.00 

1 

1556. 0. 

75. (6 

1631.10 

1.1.. 56 

66.26 

1662.62 

2 

1556.0. 

17.67 

1513.91 

126 5.56 

16.77 

1300.76 

3 

1556.0. 

17.90 

1513.9. 

1165.06 

13.65 

1162.53 

A 

1556.0. 

17.99 

151. .03 

1062. 60 

12.29 

1075.06 

5 

1556.0. 

16.13 

157. .17 

966. 16 

11.26 

977.66 

6 

1556.0. 

16.33 

15 I. .37 

676.3. 

10.35 

666.65 

7 

1556.0. 

16.56 

157. .62 

796. .9 

9.56 

606.03 

0 

1556.0. 

16.89 

1*7. .93 

725.60 

a. ai 

736.72 

9 

1556.0. 

19.26 

1575.30 

656.61 

6.17 

666.06 

10 

1556.0* 

15.69 

1575.73 

599.92 

7.59 

607.51 

11 

1556.0. 

20.17 

1*76.21 

5A5. 36 

7.07 

552.65 

12 

1556.0. 

20.71 

1576.7* 

A9S.60 

6.60 

502.60 

13 

1556.0. 

21.30 

1577.3. 

A50.73 

6.17 

656.90 

1A 

1556.0. 

21.95 

1577.99 

605. 75 

5.76 

615.56 

IS 

1556.0. 

22.66 

1518.70 

372.50 

5.63 

377.93 

16 

1556.0. 

23. .3 

1579. .7 

33 6.6A 

5.10 

363.76 

17 

1556.0. 

2. .25 

15(0.26 

307. 65 

6.60 

312.65 

11 

1556.0. 

25.13 

15(1.17 

276. e7 

6.52 

266.35 

19 

1556.0. 

26.06 

15(2.10 

266. AJ 

6.26 

256.65 

20 

1556. 0. 

27.05 

15(3.09 

231.30 

6.02 

235.32 

TOT 

31120.61 

.7., .2 


132.7. 65 

216.20 


C*SP 

FLCMI 


31**5.22 

6 C JUS TEC CASP FLOP* 

13*65.66 

NPV OF CASP FLO** 


1(110.66 

ACJUSTEC ppv* 


9097.23 
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TAILS A- 16 

SYSTEM COSTS SOS UNITED STATES 
(in L'.S. Dollar*) 

U.S. MISUSES IN L.S. OCLLAFS 

TOTAL LA : OS COST! *700.63 
TOTAL HATSYIAlS COSTl 1*9*7.01 
TOTAL CCNSTSLCTIOA COSTl 19727.6* 

CASH FLON 

CASH FLCN CORRECTED FOS INFLATION 


YB 

FAVHcNT HUNT. 

COST 7TB 

FAT HE NT 

MINT. 

CCST/YR 


CONAFAYHif.TI 


o.oc 

DOM NP AY HE AT 

1 

O.OC 

1 

2317.23 

3505. CO 

5022.20 

2106.55 

31(6.36 

5292.91 

2 

2317.20 

905. AO 

2222.60 

1915. 0A 

7*6.26 

2663.31 

3 

2317.20 

906.02 

222A. 03 

17*0.95 

601.31 

2*22.26 

A 

2317.20 

911.10 

2226.30 

1562. (S 

622.29 

220*. 97 

9 

2317.20 

910.22 

3235.A2 

1*30.00 

570. IA 

2000.9* 

6 

2317.20 

926.20 

32A5.A0 

1306. CO 

523. 9A 

1631.9* 

7 

2317.20 

9A1.02 

3250.22 

1109. 09 

*62.69 

1671.90 

S 

2317.20 

556.69 

3273.05 

1060.99 

AA6.30 

1527.25 

9 

2317.20 

975.21 

3252. A1 

562. 72 

*13.56 

1396.30 

10 

2317.20 

996.5! 

3213.76 

693.36 

30*. 22 

1277.61 

11 

2317.20 

1020.60 

3236.00 

612. 16 

357.76 

1169.95 

12 

2317.20 

10A7.07 

3265.07 

736.33 

333.66 

1072.22 

13 

2317.20 

1077.75 

325A.95 

671.21 

312.20 

963. *1 

1 A 

2317.20 

1110.56 

3*27.76 

610. 19 

252. A* 

902.6* 

IS 

2317.20 

11A6.17 

3*63.37 

55*. 72 

27*. 36 

629.10 

16 

2317.20 

11SA.EA 

3501. e* 

50*. 29 

257.61 

762.10 

17 

2317.20 

1225.56 

35*3.16 

*56. A5 

2*2. 55 

700.99 

IS 

2317.20 

1270.12 

35(7.32 

*16. 77 

226.** 

6*5.21 

19 

2317.20 

121 7.1 A 

363*. 3A 

370.06 

215.36 

59*. 2* 

20 

2317.20 

1367.00 

36 (A .20 

3AA.AA 

203.20 

5*7.63 

TOT 

*63**. G3 

23 712. 27 


1972 7. (A 

10777.37 


CASH 

FlCni 


70056.30 

ACJUSTEO CASH 

FLOMI 

30505.01 

NFV 

OF CAS* FLOKI 


*0(35.26 

ACJUSTEO NPVI 


21055.65 


•44 
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FIGURE B-l 
WAGE RATE WORKSHEET 

PHOTOVOLTAIC ENERGY CONVERSION SYSTEM 
(Average Labor Coats) 


Skill 

Laborer 

Machinist 

Welder 

Electrician 

Carpenter 

Mason 

Pipe fitter (plumber) 
Bulldozer Operator 


Country: 

Currency: 


Wage 


per (hour) (day) (month) 
per (hour) (dr.y) (month) 
per (hour) (day) (month) 
per (hour) (day) (month) 
per (hour) (day) (month) 
per (hour) (day) (month) 
per (hour) (day) (month) 
per (hour) (day) (month) 


Airmail to: Mr. Ed Jacobson 

Baker Building 

Engineering Experiment Station 
Georgia Institute of Technology 
Atlanta, Georgia 30332 
U.S.A. 
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FIGURE B-2 

MATERIALS COST WORKSHEET 
PHOTOVOLTAIC ENERGY CONVERSION SYSTEM 
(Typical Component Costs) 


Country: 

Currency: 


Array Cost per Unit 


Galvanized Steel . 

IS" angle iron or channel 

_____ P* r 

(ft. ) (meter) 


IS" x 3/16" flat iron 

per 

(ft. ) (meter) 

Security 

Fencing (2 m high) 

wood 

per 

(ft. ) (meter) 

steel 

per 

(ft. ) (meter) 


concrete blocks 

per 

(ft. ) (meter) 


lock for gate 

each 


Electrical 




600v Insulated 
Wire 

#10 AWG 

per 

(ft. ) (meter) 


#12 AWG 

per 

(ft. ) (meter) 


#18 AWG 

per 

(ft. ) (meter) 


#20 AWG 

per 

(ft. ) (meter) 

Voltage Regulator 


each 


Voltage Inverter 

DC to AC (35A. maximum AC output) 

each 


Equipment Boxes, Steel (2 ft. x 2 ft. x 1 ft. 

approximately) 

each 


Batteries 12v or 24v, (10 amp-hour minimum, 8 hr. life) 
type - (lead calcium) (lead) (antimony) 

each 


Steel - 1 7/8” channel (49 mm x 48 mm) 

per 

(ft. ) (meter) 

TlsaVc. - 1/16" thick plastic insulation (for 
batteries on rack) 

per 

(ft. ) (meter) 


Structures 

Materials - wood 
- block 


Miscellaneous 

- Ventilator louvers (for building) each 

- 10" fan (for building ventilation) each 


Airmail to: Mr. Ed Jacobson 

Baker Building 

Engineering Experiment Station 
Georgia Institute of Technology 
Atlanta, GA 30332 
U.S.A. 


per (ft. 2 ) (meter 2 ) 
per (ft. 2 ) (meter 2 ) 
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TABLE B-l 

LIST OF DATA SOURCES 


1 82H 

A. Alaa El-Din Nazmy 
Third Secretary 

Embaasy of the Arab Republic of Egypt 
Commercial and Economic Office 
2715 Connecticut Avenue, N.W. 
Waahington, DC 20008 

Haiti 


Ernest Paultr* 

Engineer, U.S.A.I.D. 

J.C. Duvalier & Christophe 
Porte au Prince, Haiti, W.I. 

Ivory Coast 

M. Delafosse 
Secretaire General 

Chambre de Conmerce de la Cote d'Ivoire 
01 - B.P. 1399 
Abidjan, Ivory Coast 

Kenya 


J.B.C. Chegge 
Permanent Secretary 
Ministry of Labour 
-P.O. Box 40326 
Nairobi, Kenya 

Mexico 


Ricardo Alvarez 
Avenida Morelos 25 
Parque Industrial Naucalpan 
Estado de Mexico, Mexico 

Nepal 

P. Wagle 
Section Officer 

Ministry of Industry & Conmerce 
Department of Labour 
Puspa As shram 
Ram Shaha Path 
Kathmandu, Nepal 


Khilendra N. Rana 
United Consultants Engineering 
P.O. Box 253 
Kathmandu, Nepal 
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TABLE B-l 
(continued) 


Philippines 

Rose Hammond 

Director, Asia Office 

Georgia Institute of Technology 

Enriques T. Virata Hall 

UP Campus, Di liman 

Queson City, Philippines 

Eugene Construction Supply 
25 Roosevelt Avenue 
Queson City, Philippines 

United States 


National Construction Estimator 
Craftsman Book Co. 


University of the Philippines 
Physical Plant, 

School of Architecture, 

Administration Department, 

Center for Non-Conventional Energy Development, 
Engineering Department 
Queson City, Philippines 

Rufino Lopes & Sons 
Manila, Philippines 


APPENDIX C 

FORTRAN CODING 
Of 

CALCULATION PROGRAM 
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PROGRAM COST! ST (INPUT, OUTPUT, COST, DATA, PRINT, TAPEB*INPUT, 

•TAPtft« CUTOUT, TAPE7»C0ST,TAPEli«0ATA,TAP£ft*PAINT> 
c 

C SLBROUTINES 

c 

C 1 MAIN ft* ADS INPUT ANC StfS ThE COSTS EACH YE Aft 
C t BATTERY CAt.CW.ATCS THE CONSTRUCTION COST 

C 1 WAT CAlCW AT£S THt MATERIALS COST OF CONSTRUCTION 

C •> CAR CALCULATES Th£ YEARLY lCAN PAYMENTS 

C ft WAXNT CAwCULAUS THE YEARLY MINTS NANCI COSTS 

C ft EXCNNC EXCHANGES VALUES IN L'.S. 00. LARS FOR THOSE th LOCA. CUKftt NCY 


C 7 CHART FIGURES TOTALS ANO PRINTS ALL OUTPUT 

C ft REAL CA.CUL ATES FIGURES AOJUSTEO FOR INFLATION 

C ft NPV CALCULATES THE NET PRESENT VALUE OF TOTALS 

C 

C VARIABLES IN SUBROUTINES! 

C 

C SAL BALANCE of loan still unpaid l 

C CAPCOST TOTAL CONSTRUCTION COST 1.2,4. 7 

C CAP (At TOTAL CONSTRUCTION COST 7 

C CCOUN ALPHANUfCftlC NANE OF CURRENCY 1,/ 

C CLAB NAN-HOURS OF LABOR CATEGORY I NEE CEO TO BUILO 

C ONE PART J 1,2 

C CNPV NET PRESENT VALUE OF THE TOTAL COST 7, ft 

C COSTL SALARY OF LABOR CATEGORY I NEEOEO TO BUILO ONE 

C PART J 1,2,9 

C COSTHAT TOTAL COST OF MATERIALS 2,3,7 

C COSTNET NET COST FOR A GIVEN YEAR 7 

C COUN ALFHANUHERIC NAHE OF COUNTRY 1,7 

C CS COST OF ONE PART J IN COUNTRY I 1,3 

C CSO COST OF ONE PART I CCEFAILTI 1,3 

C CST COST OF ONE PART 1 3 

C D1SRT DISCOUNT RATE USED TO CALCULATE NP V ft 

C dhlab parameters governing HOURS OF NAIKTLNANCL 1.; 

C OOMN DOHNRAVHEHT on LOAN 1,7 

C CXC EXCHANGE TATES FOR INCLUDED COUNTRIES 1 

C exch exchange rate for countpv i 1 . 3,6 

C FXKXT MAINTENANCE COSTS 1.5,7 

C GOTO OUPHY VAPIAELE CONTROLLING RUN-AGAIN CPTION 1 

C HRSLAB HCLPS OF labor CATEGORY I NLEDlO for haintcnancl 

C DURING YEAR J ft 

C XCOUN NO. COUNTRIES INCLUOtO IN OATA SETS 1 

C LOCAH INCEX GOVERNING OUTFIT CURRENCY 1,7 

C NCOUN IhCcX FOR COUNTRY PROGRAM IS RUN FOR 1,2,3,«*7 

C NPAV HO. YEARS TC PAY BACK LOAN 1,1, 

C NPP PAYMENT PLAN INDEX 1,L 

C NVR TEAR NUMBER XNOCV 1,4, 5. 7, A, ft 

C NVRS NO. YEARS OF USEFUL LIFE 1,7 

C PAYMENT YEARLY PAYMENTS, IF KNOMN 1,l 

C PAYft BANK PAYMENT FOR YEAR X 1,4 

C RATINT INTEREST RATE CN LOAN 1,4 

C RCNPV NET PRESENT VALUE OF THE AOJUSTEO TOTAL COST 7,ft 

C RCOSTNT NET COST PEP YEAR AOJLSTEO FOR INFLATION 7 

C RFXX MINT COST PER YEAR AOJLSTEO FOR INFLATION 7, 

C RPAVR YEARLY LOAN PAYHENT AC JUS TED FOR INFLATION 7,6 

C RTCOST TOTAL COST AOJUSTEO FC« I NF .AT I ON 7 

C SN AMOUNT OF PART I NEEDED F C< CONSTRUCTION 1,2,3 

C SNO AMOUNT OF PART I NEE OLD FCR CONSTRUCTION (DEFAULT I 1,2 

C TCAT NO. HOURS OF LABOR CATEGORY I NEEOEO FOR CON- 

C STRUCTICN 2 

C TCLAB HO. HOURS OF LABOR CATEGORY I NEEOEO TO BUILO 
C ALL OF PART I 2 

C TLC COSY OP LABOR IN CONSTRICTION 1,2,7 

C TMINT TOTAL MAINTENANCE COST 1,7 
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G TOTCOST TOTAL CASH PlOM 7 

c tpavr TOTAL OP PAYMENTS 1.7 

C TPNAINT TOTAL MAINTENANCE CCST ADJLSTEO POM INFLATION 1,7 

C TRPAV TOTAL OP PAYMENTS AOJLSTED POP INFLATION 1.7 

C XlNF INPLAT l On MATE A 


OIMCNS ION SNI Al .XlNF (101 ,PAYM 11001 iPIUTIlO 01 .COSTNET (100 I, 
•RPAVR(lOOI,NFlX(lOOI.RCOSTNT(lOQI,EXC(OI,SND(6l,CSD(SI,CS(A,SI. 
•DHL Atl«. LI. COLIN (0.21 .CCOLMO, Ll .COSTL (t ,0 I.Cl AO(t. Al 
COMMON NCOUN, NPP. RAT INT.NP AT. PAYMf NT .NYRS tl XCM.ICOLN.TPAVR.TMAI nT . 
• TMPAV.TMMAINT .SMAI.SNOUI .XINPISOI .CSOISI.CS (A.SI.COSTLIS.AI. 
•OMLAOIt.Ll.COLN (0.21 .CCOlMO.LI .CblMt.AI .UC.CQSTHAT 
60TO*0. 

C MAITE IN OAT A I 

12SL 00 It I«1,L 
1* SN(lla*2. 

NPPa2 


MATlNTa.10 

NPAY«20 

PAVHEN 7 * 1000 . 

OONNtO. 

NTRS«20 

SCOUNaO 

MXITE(t.26l 

NRXT£(A,AI 

A POMMAT ("COUNT AY .IF 1-NEPAL 2-PMlLLlPPlNES 3-MtXlCO L-MAITI 5-KCNYA 


>2* TO OBTAIN OiFALLT VALLTS POL ALL FURTHER INPuT“I 
<CThERMIS£, ENTER 0*“l 
00 TO 2 

IN OATA. M l 


• A-IYORY COAST I "> 

MRITE(A.1TI 

17 PCMMAT (UX,*7-£6YFT O-U.S.I"! 

REAO(S.*INCOUN 
MRITE(A.200I 
200 FORMAT ("MR ITE 
MRITE(A.201I 
201 POMMAT (" 

MEAO(S.*IZ 
IF (2 .EQ. 2.1 
MRITC(A,2AI 

26 FORMAT (" “I 
MR ITC ( A. 1LI 

1L FORMAT ("MRITE 
MRITE « A. IS! 

IS FORMAT ("IF VOL NISM TO USE TmE DEFAULT VALLE TOP QUESTIONS NOTCO < 
•0EF*-2», ENTER -2"l 
URITKA.26I 
MRITE (A. 1SI 

13 FORMAT ("MOM MANY YEARS OF USt FUL LIFEl"! 

REAO(S.*INYRS 

MRITM6.il 

1 FORMAT ("PEAK MATTACE IN MATTS' 

REAMS. •> SN( 1) 

MRITE (6. 31 

3 FORMAT ("OATTERV CAPACITY IN MATT-MOUXS' OEF »-2>“l 
REAO(S**l SN( 21 
MRITE(A«LI 

L FORMAT ("METERS OP PENCINC 
RE AOIS •* I SN( 31 
MRITE (6, SI 

S FORMAT ("SO. METERS OF STRUCTURE* 

RE AO (S.* I SNILI 
MRITE (A. 71 

7 FORMAT ("PA YK NT PLAN, IF J-KNOMN PAYMENTS 2-CALCULATED PAYMENTS 3-D 

•EPERREO PAYMENT »"l 
REAO(S,«l NPP 
MRITMA.OI 


<0EF»-2»"I 


«0CF«-2»"| 
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uuu o oo 


a FORMAT ( M INTEREST TATE IK FERCEKTt") 

RE AO 15,* > RATINT 
RATINT»RATINT/100. 

WRITE 16, 10 1 

10 FORMAT (“NUMBER OF YEARS TO RAY BACK LOANI’ 1 ) 

RE AO 15, •) NPAY 

WRITE(6,llt 

11 FORMAT (“IF PLAN #1 IS USEC, ENTER PAYMENT * IF NOT, ENTER 0>l“l 
READI5,*) PAYMENT 

NRITE (C« 12) 

12 FORMAT t"IF A DOWNPAYMENT IS MADE, LIST IT *lf NOT, ENTER 0>l"l 
REA0I5**) DOWN 


IM THIS SECTION, COSTEST SUMS THE TOTAL COST OF 
THE PROJECT FOR EACH YEAR FOR EOTH LOCAL AND L.S. CURRENCY 

2 IF (GOTO .EQ. 1*1 CO TO 4321 

REAO IN ALL DATA FROM OATA SETS 
REAOIll**) (EXCII) ,1*1, ICOLN) 

REAOIll,*) (SND(I) ,1*1 ,6) 

RE AO 111,*) t (C0STL(I.J),J*1,ICCUN),I*1,9) 

RE AO 111,*) l(CLAe<I,J),J*l,6),I*l,9) 

RE AO 111,*) ICSO(I) ,1*1,5) 

RE AO 111,*) IICSIK,I),I*1«5),K*1, ICOUN) 

RE AO (7,*) ( (DHLAB(I,JI.J*1,4),I*1,9) 

DO It IX*i, ICOUN 

18 RE AC 17, 15) ICOUN <IX,J) ,J*1,2), (CCOUNIIX.J) ,J=1,4) 

15 FCRMAT I2A3.4A6) 

>321 EXCH*EXC INCOUNI 
DOHN*DOWN*EXCh 
PAYMENT*FAYMENT*E XCH 
CALL 3ATTERTICAPC0ST) 

CAPCOST*CAPCOST-DCWN 
00 101 LCC AM* 1,2 

IF (KCOLN .EQ. 6 .AND. LGCAM .EQ. 21 GO TO 101 
TPAYfisO. 

TMAINT*3. 

TRPAY=0. 

TRMAINT*0. 

00 100 NYR*1,NYFS 
IF ILOCAM .EQ. 2) CO TO 50 
CALL CAP»NYR, PAYRINVRI.CAPCOST) 

CALL MAINT(nYR,FIXITINYR)) 

CO TO 10? 

0 CALL EXCMNGlOOWN*CAFCOST*FAYRtNYP)*FlXIT(NYR)> 

TLC*TLC/EXCH 
COSTMAT*COSTM AT /EXCH 

00 CALL CHART (NYfi, DOWN, CAPCOST, PAYP(NYR), FIXIT (NYRI.LOCAM) 

01 CONTINUE 
WRITE 16, 26) 

WRITE U, 21) 

21 FCRMAT l"-PR0GRAM STOP- IF VOL WANT TO RUN IT AGAIN, ENTER 1") 
WRITE 16, 201) 

REA0I5,*) GOTO 

IFIGOTO .EQ. 1.) GO TO 1234 

STOP 

END 


SUBROUTINE CM ART INYR , COWN , CAP COST, PA YR, FI XI T ,LOCAM) 

C PRINTS ALL OUTPUT CNTC DATA SET ’PRINT* 

DIMENSION COSTNETIIOO) ,RF AYR <1001 , 

*RF IX 1100 ) « RCOSTNT 1100) ,COLN 1C , 2) ,CCOUN 1 6, 4) 

COMMON NCOUN, NPP, R ATINT, NF A Y, FA YME NT ,NYRS ,E XCH, ICOLN, TPAY R, TMA INT , 
• TRPAY,TRMAINT,SM6),SND(6> ,XINF (30) ,CSD 15 ) , CS (0, 51 , COST LI 5, 8) , 





•0MLAB(9,4) ,C0UN(fl,2),CC0UM6,4) ,CLA3(9,6) *T LC* COST MAT 
C SET UP CHARTS 

IF (NYR .NE. 1) 60 TO 100 
TOTCOST*OOWK 
RTCOST*DOWN 
WRITE IS* 26) 

26 FORMAT (“ *) 

IF tLOCAH .£0. II GO TC 76 
WRITE(9,2> (COUN(NCOUN,JX> , .*X«i,2) 

2 FORMAT (2A0, “FIGURES IK U.S. DCLcARS") 

GO TO 1 

75 DO 74 I*lt5 
74 MRIT£(9»26) 

WRITE (9(6) (COON(NCOUN.JX) , JX* 1,21 • (CCOUMNCOLN.JX) , JX*1 ,4) 

6 FORMAT (2 AS, “FIGURES IK M ,4A8> 

1 CAPNK*CAFCOST*OOMN 
WRITE 19, 261 
WRITE (9,41 TEC 

4 FORMAT (7X, "TOTAL LABOR COSTI" ,FlO. 2 1 
WRITE(9,5) COST PAT 

5 FORMAT <3X, "TOTAL MATERIALS COSTl",F10 .2) 

WRITE(9,3)CAPWK 

3 FORMAT l"TOTAL CCNSTRUCTIOK COST|",F10.2) 

WRITE (9,12) 

12 FORMAT (51X, "CASH FLOW") 

WRITE (9, 27) 

27 FORMAT C16X, “CASH FLOW",16X,"CORRf CTEO FOR I KFLAT ICK") 

WRITE(9,26) 

WRITE (9, 50 ) 

50 FORMAT (1X,"YR", 2X , "PA T Ml KT“ ,l X,"MA I NT ,5X, “COST /YR“, 6X , 
•"PAYHEKT",4X,“MAINT.",5X,"CCST/YR") 

WRITE) 9, 26) 

WRITE (5,25) 0 OWN, DOWN 

25 FORMAT (5X,"OOwNFAYMENT«",10X,F9.2,<,X,"OOWNPAYMENTl“,10X,F9.2l 
100 CALL REAL(NYR,PAYR,FIXIT,RPAVMNVfi) ,RFIX(NYR)I 
COSTNE T (NYR)*PAVR+FIXIT 
RCOSTNT (NYR)*RPAYfi(NYfi)4RF IX(NYR) 

CALL KFV (NYR, COSTNET (N YR I , RCOSTNT (NYR) ,CNPV .KCNP V) 

PTCCST*RTCOST ♦RCOSTNT (NYR ) 

TOTCCST*TOTCOST*CCSTNET (NYR) 

TPA YR*TP AYR*P AYR 
TMAIKT*TMAINT ♦FIXIT 
TRPAV*TRPAY*RFA YR (NYR) 

TRMAINT*TRMAINT*RFIMNYR) 

WR ITE (9, 10 1)NYR, PA YR, FIXIT, COSTNET (NYR) ,RPA YK (NYR), 

•RF IX (NYR), RCOSTNT (NYR) 

101 FORMAT (I3,2X,F9.2,2X,F9.2,2X,F9.2.4X,F9.2,2X,F9.2,2X,F9.2) 

IF (NYR .NE. NYRS) GO TO 59 
WRITE(9,200ITPA YR , TMAI NT ,TRFA Y,TRMA INT 
200 FORMAT ("T0T",F11. 2,F11.2,13X,F11.2,F11»2) 

WRITE (9,26) 

WRITE (9, 102) TOTC CST »RTCOST 

102 FORMAT ("CASH FL CW I ", 15X, F 1 1.2 , 2X, "ADJISTE D CASH FLOW! ", 3X ,F 11. 2) 
WRITE ( 9, 10 3) CNPV.RCNPV 

103 FORMAT ("NPV OF CASH FLCWI",EX,Fll.2,2X,“A CJLS TED KP V« ", 9X ,F Ji , 2) 
99 RETURN 

END 


C 

C 

SUBROUTINE £XCM KG ( AA ,B3,CC . CO ) 

C EXCHANGES VALUES IN U.S. DOLLARS FOR VALUES IN LOCAL CURRENCY 

COMMON NCOUN, NPP, F AT INT, NF A Y, P AYHE NT, NYRS ,E XCh,I COUN, TP AY R,TMA INT , 
•TPPAY.TRHAINT ,SN(E) ,SN0(6) , XIKF(SO) ,CSO (5 ) , CS (8, 5 ) , COST l( 9,01 , 
•DMLAB(9,4) , COUN (0,2) ,CCOUN ((,4) , CL AS (9,6) ,T LC.COSTHAT 
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no no _ o o no o o non no 


AA»AA/EXCH 

BB«0B/EXCH 

CC«CC/EXCH 

DD«DD/EXCrt 

RETURN 

ENO 


SUBROUTINE CAPtNVR.PAYR.CAPCOST) 

CALCULATES THE LOAN PAYMENT FOR A GIVEN YEAR 
COMMON NCOUN, NPP, FATINT, NP A V, FAYME NT ,NYRS ,E XCh»I COUN.TPAV R,TMA INT , 
•TRPAY,TRMAINT,SN(6),SND(6) ,XlNF(30t .CSO (5 1. CS («• 91 ,C0STL(9.8) , 
*0MLAB(9«L) »COLN (A ,2) ,CCOLN (8,0 ,CLAB(9,6 > .TlC.COSTMAT 
CHOOSE THE PAYMENT PLAN 
IF INPP .EQ. 3) GO TO 3 

IF IKPP .EQ. 2) GO TO 2 

PLAN #1 
PAYRbPAYHENT 

IF (NVR .EQ. NPAYI PAVRsBALMl.+RATINTI 

IF (NVfi .GT. NPAY) PAYR*C. 

IF (NVR .EQ. It BAL«CAFCOST 

BAL*BAL* (l.+R AT INT) -PAYS 
IF (|AL .GT. 0.) GO TO 5 
PA Yfi«3 AL^PAYR 
BAL*0. 

GO TO 5 

PLAN *2 

2 IF (NYR . NE.l) GO TO 1 
C«CAFCCST* (1. *RAT INT )**HFA V 
S*0. 

00 10 1*1. NPA Y 

0 S*S*(1.*RATINT)** (NPAY-I) 

1 PAYR»C/S 

IF (NYR .GT. NPAY) PAYR=0. 

GO TO 5 

PLAN *3 

3 PAYR«0. 

IF (NYR .EQ.NPAV) FA VRaCAPCOST* (1 .♦RATINT )**NPAV 
5 RETURN 
ENO 


SUBROUTINE RE AL (NVR, FA VF,FI XIT ,RPA YP, RFIX ) 

CALCULATES THE INFLATED VALLE OF THE PAYMENTS 
AND MAINTENANCE CCSTS 
DIMENSION XINF ( 30 ) 

COMMON NCOUN. NPP, F AT INT, NF A Y, FAYME NT.NYRS.E XCH, ICOUN, TP AY P, THAI NT , 
•TRPAY.TR MAI NT »SN(6),SNO(6)»XINF(30 > ,CSD (5 ) , CS (8 ,5) . COST L ( 9, 8) , 
•0MLAB(9«4),C0UN(6«2) , CCOLN (8,4) «CL A B ( 9, 6) .TLC.COSTMAT 
00 1 1*1,30 
1 XINFiI)*.10 

IF (NYR .EQ. 1) 0*1. 

0*D*(1.*XINF(NY R) ) 

RPA VRaPAYR/D 
RFIX*FIXIT/D 
9 RETURN 
ENO 


SUBROUTINE NP V(NY F .COSTNE T , RCCSTNT » CNF V.RCNFV ) 

CALCULATES THE NET PRESENT VALUE OF THE COST PER YEAR 
IN BOTH CASH FLOh ANC IN INFLATED VALUE TERMS 
COMMON NCOUN, NPP, FAT INT, NF A V, PA YMt NT , NYRS ,E XCH, I COUN, TP AY fi, TMA INT , 
•TRPAV,TRMAlNT,SN(6t,SNO(6).XINF(30t ,CSO (5 ) , CS (8 , 5) , COST L ( 9. 6) , 
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99 


C 

C 

c 


c 


2 


c 


4 

5 


c 

c 


7 


e 

9 


C 


C 

c 

c 


c 


ORIGINAL PAGE IS 

OF POOR QUALITY 


*DHLA8(9,4) (COON (8 ,2) ,CC0LN(8,4) .Cl* B 1 9.6) .TLC.COSTMAT 
DISRT*.06 

IFfNYR .EQ.ll CNPV*0. 

IF (NYR .EQ.1» RCNPV*0. 

CNPV*CCSTN£T/ (1.4DISRTI**NYR 4CNPV 
RCNP V*RCOSTNT /( 1. 4DISRT l**NVR 4 RCNP V 
RETURN 
ENO 


SUBROUTINE BA TTERV (CAPCCST) 

CALCULATES THE TOTAL CONSTRUCTION COST FCR, THE PROJECT 
DIMENSION SN(6) .SN0I6) ,CLA3 (9. 6). COSTL (9. 6) ,TCLAB(9.6) 

COMPON NCOUN.NPP. RATINT, NF A V, FAVME NT ,NY RS ,E XCh, I COUN, TP AYfi.THA INT , 
•TRPAV.TRHAINT.SNm ,SN0 (61 , XlNF (30 1 ,CSO (5 1 , CS (0. 5) . COST H 9. 8) , 
•DMLA6(9»4) .COON (6 .2) ,CC0UK(8,4) .CLAB(9.6I .TLC.COSTMAT 
INSTALL THE MATERIAL OEFALLT VALUES WHERE NEEDED 
DO 2 1*1.4 

IF (SN(I> .LT. 0.) SN (II *SND( I I 
SN (5)*SND(5) 

SN (6>*SND(6) 

INSTALL The LABOR COST DEFAULT VALUES WHERE NEEDED 

M*0. 

DO 4 1*1.7 
W*CCSTL(I*NCOUN>+W 
A V*N/7 
DO 5 1*1.7 

IF (COSTL ( I.NCOUN I .EQ. 0.) COSTL (I ,NCOUM=AV 
IF (COSTL (8.NC0UN) .EQ. 0.) C CSTL (8 .NCOUN 1*1. 36» A V 
IF (C0STL(9.NC0L'N) .EQ. 0.1 COSTLO.NCOLt. 1*1. 66* A V 
This SECTION OF BATTERY CALCULATES THE TOTAL LABOR 
COST CF CONSTRUCTION 
DO 7 J*1 .6 
DO 7 1*1.9 

TCLAB(I«JI*CLA8 (I,J)*SN(J) 

TLC*G. 

OO 9 1*1.9 
TC AT*3 . 

DO B J*1.6 
TCAT*TCAT4TCLA9 (I.J) 

TLC*TlC«-TCAT* COSTL (I.NCCLM 
CALL HIT 

SUM UP THE LABOR AND MATERIALS COSTS 

CAPC0ST*TlC4C0STHAT 

RETURN 

ENO 


SUBROUTINE HAT 

SUHS THE TOTAL MATERIALS CCST OF CONSTRUCTION 
DIMENSION CSD(5)fSM6).CS(8.5) . CST (5) 

COMPON NCOUN.NPP, RATINT, NF A V, F AYME NT, NYRS ,E XCh, I COU N, TP AY R, TMA I NT , 
•TRPAY.TRMAINT ,SN(6)«SN0(6) ,XINF (30 I ,CSD (5 I , CS (6, 51 , COST L ( S, 6) , 
*0MLAB(9,4)«C0UN(6«2) ,CCOUN (8,4) ,CLAB(9.6) ,T i-C , COST M AT 
PUT ALL FIGURES IN LOCAL CURRENCY 
DO 2 1*1,9 
CST(II*CSD(I) *EXCH 
COSTHAT*0. 

00 9 1*1,5 

IF (CS(NCOUN,I I .NE. 0.) CST (I )*CS(NC0LN,I I 

COSTMAT*COSTMAT*CST (I) *SN (I I 

COSTMAT*COSTMAT4. 15*COSTMAT 

RETURN 

ENO 
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SUBROUTINE HAINTCNVR.FIXIT) 

C CALCULATES THE MAINTENANCE COSTS EACH YEAR 

DIMENSION on. AB CS . A) ,HRSL A3 (9 I .COST LIS. 6* 

COMMON NCOUN.NPP, F AT INT, NF A Y. PAYHt NT , NVRS ,E XCh.ICOUN, TPAVR. TMA INT , 
•TRPAV.TRMAINT.SNU) ,SNO( 61 , XINFC30) ,CSO 15 ) . CS Cfl . 5) . COST U 9, 6) . 

•DHL AB (9, A), COON <6 ,2) .CC0LNI8. A) .ClABIS.6) ,TLC, COST MAT 
FIXIT*0. 

00 SO 1*1.9 

IF INYR .LE. OHLAc (I.E)ICM s(DMLAB(I . 1 ) -DML A E (I , A ) ) / 

•I0MLAB Cl .2 ) “1 . 1 •* 2 • 

IF INYR .ST. 0HLABII.2>)CM&(0HLAB(If3)-0MLA9U.A))/ 

•CNYRS-0MLA3 (I,2))**2. 

MRSLAB CI)*DMLAB (I, A) ♦CM* IN VP-OMLAB C 1 , 2) )**2. 

$0 FIXIT*FIXIT*HRSLAB CIUCCSTL II.NCOUN) 

RETURN 

END 
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